It was thought that, when monkeys use familiarity cues to aid recognition memory, they do not engage working memory. A new study shows that, when the value of those familiarity cues is attenuated, monkeys rehearse novel images like familiar ones, a striking parallel with human working memory.
Imagine being asked to remember an automobile license plate and then choose it from a larger set of possibilities. The license plate is from Hawaii and the number is GV 64742. Close your eyes for 15 seconds and try to remember. Then, tell me which of these plates is the one you were trying to remember: Alaska GV 64724; Hawaii GV 64274; Hawaii GV 64742; Montana GV 64742. Hopefully you got this right, but the question of interest is how you did it. It is likely that you spent little effort rehearsing ''Hawaii'' and a lot of effort on the rest of the information. The reason is that you likely recognized that Hawaii was relatively unfamiliar and would be easy to recognize in a list. But the rest of the plate information (letters and numbers) are highly familiar stimuli to you, and so to remember, you needed to rehearse those numbers. This exercise highlights the central question in new work with rhesus monkeys: when relative familiarity can be used as a cue, working memory seems not to be engaged in monkeys, but when all choices are familiar and so is the information to be remembered, then rehearsal is needed and is evident in monkeys [1] [2] [3] . The central question addressed in the new study by Brady and Hampton [4] , reported in this issue of Current Biology, was whether there are ways to attenuate familiarity cues such that working memory rehearsal then is seen in the performance of monkeys during memory tests, even with more novel stimuli. They designed a way to do exactly that, and when they did, it was true that monkeys then rehearsed those novel stimuli when familiarity cues were no longer valid.
Previous research had shown that both humans and monkeys engage in forms of rehearsal for highly familiar stimuli [5] [6] [7] , and for good reason. When the things to be remembered, and the options to choose from, are all well-known and frequently experienced, you cannot employ a 'shortcut' whereby the sense of familiarity lets you find the correct item you are trying to remember. For example, when monkeys were given a visual image to remember, and they had to choose that image from a set of possible choices, they engaged in rehearsal only when a small number of images was used in all of the trials -all of the stimuli were highly familiar, and thus familiarity could not act as a cue to which option was correct. But, if the image to be remembered was unique, and so were all of the incorrect choices in the set to choose from, simply choosing the most familiar thing can be fairly effective, and there is much less need to rehearse that item during the retention delay. Humans, however, sometimes will still rehearse even in this situation [8] , and the advantage of doing so is that humans are therefore not constrained to having access only to the mnemonic system that relies on familiarity cues. Thus, the previous differences in what monkeys and humans do with unfamiliar information to be remembered could be interpreted as a possible fundamental difference in memory processing across species.
Brady and Hampton [4] reconsidered whether monkeys might still engage in some type of rehearsal, even in tests where unfamiliar stimuli were used. They considered whether the ability to use a familiarity cue may simply have been dominant to any co-occurring rehearsal, rather than it being the case that monkeys did not engage in any rehearsal. As the authors suggested, working memory may be available even in those cases, but it may be behaviorally silent. They gave monkeys a memory test where a single image had to be remembered, and then chosen from a set of four options. In some tests, the same images were used on every trial, and so familiarity could not be a cue as to what to choose, because everything was equally familiar: monkeys had to rehearse the to-be-remembered image. In other tests, though, trials involved all unfamiliar images, and so monkeys could choose whichever image gave them the strongest sense of familiarity, which would necessarily be the image they had seen during the study phase of the trial. There was no need to rehearse, given the validity of this cue. But, in the new twist on this method, some tests involved first showing monkeys four novel images, and then highlighting which one needed to be remembered. Now, when the memory test presented those same four images as the choices, monkeys could not simply choose based on which image was familiar among unfamiliar distractors. The results showed that monkeys now struggled more to remember a sample from a large set of possible images than from a small set of constantly repeated images, compared to the conditions without the familiarization phase (seeing the four images). With familiarity now a less reliable cue, monkeys may have needed to engage in more rehearsal to perform well in the memory test.
The next step was to see whether working memory was being engaged. To do this, researchers often introduce what is called concurrent cognitive load, which basically means something else one has to do while trying to rehearse and remember a primary stimulus. Imagine being told a phone number, and then, while looking for your phone, having someone ask you what time your departmental meeting was going to be, and where it was located. In that case, you have conflict between the rehearsed information (the new phone number) and the need to recall and report the meeting information. This makes it much harder to engage in the rehearsal of the phone number. Monkeys also can be given tasks with concurrent cognitive load, to see how that load affects other ongoing cognitive activity [1, 9] . In the Brady and Hampton study [4] , while remembering the sample image, the monkeys also had to classify another photo as being a fish, flower, bird, or human. This was something they had already learned how to do [1, 10, 11] , but that still required them to engage in cognitive processing of the intervening stimuli and know the classification rule. Normally, when the tobe-remembered item and the distractors were highly unfamiliar images from a large set of possible items, the concurrent load should not have mattered, because familiarity cues would allow the monkeys to do well on the memory test. But, with the new methodological twist in place, where all stimuli were made familiar right before the memory test began, the monkeys now showed that cognitive load hurt their ability to remember the images -a hallmark sign that working memory was being engaged but was subject to the effects of the cognitive load.
These results show that, as is true for humans, in monkeys working memory is engaged for novel stimuli as well as for highly familiar stimuli. This is a similarity between humans' and at least some other species' memory processes, and one that may reflect an important aspect of the evolution of cognitive control processes that allow for efficient responding to changing contexts and to changing experiences that need to be remembered. Monkeys may sometimes rely heavily on cues such as familiarity to help them determine what choices to make, but they also have available the contents of working memory that are maintained through ongoing rehearsal.
Humans, of course, rely at least some of the time on language as part of their rehearsal process [8] . Monkeys do not have language. This leaves us with the next big question in this area of comparative cognitive research -what is the content of monkey working memory? Do monkeys somehow abstractly re-code stimuli, and if they do, what are the limits of that recoding that humans overcome through linguistic representations and language-based rehearsal? Answers to these questions will shed new light on how our species has come to manifest so many intelligent behaviors and also perhaps shed light on other memory mechanisms that are available to monkeys, as we continue to discover new ways of querying them about what they remember.
During the establishment of root-nodule symbioses between plants and nitrogen-fixing rhizobia, nodule organogenesis in the inner cortex needs to be precisely coordinated with the rhizobial infection site at the root epidermis. A new study shows that rhizobia induce localized callose turnover at plasmodesmata to allow spatiotemporal synchronization of the two processes through symplastic connections.
Growth and development of multi-cellular organisms must be coordinated at several levels to allow correct assembly of cells, tissues and organs leading to defined shapes. A beautiful example of developmental coordination -independent of the organismal body plan -is the
